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SELF-CLEANING GLASS AND METHOD OF MAKING THEREOF 



Field of Invention 

This invention relates to the photocatalytic oxidative stripping of organic 
contaminants the surfece of glass and the process of making such photocatalytic 
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Background of the Invention 

It has been known for some time that photocatarysts, particularly titanium 
dioxide inthe anatase phase, accelerate the air-oxidation of organic compounds upon 
exposure to light, usually ultraviolet, absorbed by the photocataryst See, for example, 
Photocatalytic Purification of Water and Air, D J. Ollis and H. Al-Ekabi, eds., 
Ptoc ^oftheFn*I*^^ 

Treatment of Water and Air, London, Ontario, Canada, 1 993, Elsevier, Amsterdam. The 

major sections of the book describe the theory ^fundamental 

(TiO,) photocatalysis, photocatalyzed water and air treatment, reactor design and 

photocatalytic oxidation process economics, Inanofthessapphcato^ 

is boundtoaceramic substrate to which it adbi^ For example, on page 123, 

Man^ describes Ti^coa^ 

photoreactors. Another reactor with a TiO, coated glass tube is described by T.Ibusulaet 
aLonpage376. The photocatalytic filrnsde^bed were aU lights^ 
n^ofphotocatalystssu^ 

proles approximately 0.1-0-3 microns in diameter. This particle size, even m the 
t^fihns, produce Suchlight scattering films are not effiaent 

orusefulmappU^suchasdear.self-cleanh^ 



minors. 



It is also knownthat clear and adhere^ mmJight scatter!^ 
bemade. Such known fihns areapphed to optical lenses of optic* 
sc^ resistance and are also applied in anti-reflective optical coatings, usually by 
reactive evaporation or by reactive sputtering of titanium in an oxygen-contaimng 
atmosphere. Such ratings can also be made b^^ 

precursor of aphotocatalyst, TiO* to a glass surface, fc™ aprecurs^ film and 
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heatingtoahighteinr*^ 

Ti^ is crystallized. However, on substrates consisting of glasses ctmiprisiiiginoie than 
about 10% by weight of combined alkali metal oxides, particularly sodium oxide (N^O) 
and potassium oxide (K 2 0), these films are poor photocatalysts, i.e., when exposed to 

5 suniightmairtheydoiKrtoxi.Jizeoi^ 

clean glass surface. For example, when coated with a film of stearic acid, ffaeyoxHizeit 
under 2.4 rnWcm" 2 365 nmma^ Bt ax^ciAxmpetb^crl^^r^^ 
thickness of the stearic add film by less than 4nm per hour. Underlie same conditions, a 
goc^photocatalyststripsafilm of stearic ad^ 

10 i.e., reduces the thickness of the stearic add film by about 20 nm per hour (or more). 

It has now been found that migration of sodium into the photocatalytic 
film, (e.g., leaching out of common soda lime glass), particulariy during the formation of 
the film from precursors, lesutts in severely reduced activ^ 
and reduced photocatalytic effidency of sttf-cleaning glass. It would be highly 

15 advantageous to provide a means for reducing the deleterious effects of rmgrating alkali 
metal oxides and/or sodium on the photoactivity of self-cleaning, photocatalytic film- 



20 



Summary of the Invention 

We have discovered a barrier to me im^onof aDcafimelalontofiroma 
glass substrate into tte This barrier layer 

slows or blocks the migration of alkali metal oxides into the photocatalyst layer during its 
formation frcm a precursor aiKi also ate 

The preferred barrier is tomed by f^ 
25 region of the glass to be coated, protons, Le. hydrogen ions, by exchanging alkali metal 

ions with protons of an add aid/or by hydrolytic deavage of silic^rwjxyger^silicon bonds 
wrmanadd,maproce^caUed"addetchir^ Thelrydrogenor 
protonHxmtaining glass layer is ^ reacted wim a precursor of ^ 
demerit, preferablyaFecursor of crys^ 
30 oxide. In this process, albfc 

silicon and oxygen and/or zfarconiinn, i 
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A sodium migration blocking layer is also fbnnedvfcenlbe proton or 

Mn^tfah^glass^ 

_ ^forming the acid glass layer includes etching with acid, most preferably bonmg 
9Msulfuricacid. The sodium migration reducing barrier layer is preferably formed 
^heating the arid glass^^ 

excess of about 300°C and less than about 500°C and preferably about 

The photocatalydc activity of a formed, optically clear TiO, layer on glass 

^udedinthecoating. to^tom*************"™**^ 
^ t^.^^**---*- 1 -- ^ types of adds mchKiepronc 

Ccon^ex^^fbwvalentth^ a^»-d-*--i-* 

15 ^useablemthein^^ 

m The imposition of a sodium migration blocking layer on the surface of a 

photocatafrucanatasep^ 
20 .epre^rofu.photocatalyucf^ Hds barrier also reduce, sodiumcon*™ 

Aparticularlyusefiusodaum 

deoo ^uponb^ma i r,anasc^ 

^^tneprecursc*^^ 
25 ^coated glass andatandeva^ 

^c^atrans^ncm^ 



The photocataly st coated glass of the invention, when exposed to 

eoated glass of the invention is particularly useful in applications such as 
photocatalyticaUy self-cleaning windows, windshields and mirrors. 
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Brief Description of the Figures 
Figure 1 is a graph showing the UV absorption spectra of TiOj films on 

fused silica. 

Figure 2 is FITR spectra of stearic acid coated on clear TiOj film on 
5 fused siUca prior to (dotted line) and after (solid line) exposure to UVA light for 7.5 
minutes. 

Figure 3 is a graph snowing the UV absorption spectra of TiO, films on 
etched (dashed line) and on non-etched soda lime glass (solid line). 

Figure 4 is a graph showing the effect of the calcination temperature on 
10 UVA, i c near UV, photoactivity of clear films of titanium dioxide:(A) Two layers of 
HO2 on fused silica, (B) Two layers of T1O2 on etched glass, (C) One layer of TiOj on 
etched glass, (D) One layer of TiOz on one layer of ZrO, on etched glass. 

Figure 5 is a graph showing me effect of etdiing duration on me 
photoefficiency of clear Tith films on soda lime glass. 
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Detailed Description of the Preferred Embodiment 

The mventicm is directed toward sdf-<d 
xnaldngmesame. Photocatarytic films can form the oasis fi^self^eaning or 
photooxidatively cleaning glass, useful, for example, as self^leanmg windows, mirrors, 
optical components, eyeglass lenses, and automotive windshields. When using 
photocatalyst films, e.g. TiO* in these applications, the following should be optimized: 
the absence of scattering of visible Ught;abr^ 

typically not damaged when cleaned or ^impai^ by oust particles; and an ao^ 
photooxidation rate or efficiency in order to maintain a relatively clean glass surface. The 
coated Cleaning glasses of the invention provide an abrasion resistant, photoeffirient, 

optically clear, self-<ieanmg glass. 

Deposition of organic containments on glass usi^^ 
Furthermore, light particularly from headlights of oncoming cars and from the sun when 
ttesunislowonthehorizD* 
30 Films of organic contaminarussrn^ 

addto the hazam of living. Ligm scattered from contanm^ 

'n^aicmha^yb^^^^^ Dirt or fingerprints on lenses 
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^<^<n^ for specific adherence 10 the glass. 
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cast on common 
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cleaning clear glass. 



Photocatalysts useful into 



or 



The 
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ic film of a 



/cifVi and anatase or niole TiU2- my UA i-A«»-t«~> 
cm ^«iftr4-Z7ta1tad»'»of&CX ! .> 



In the present invention, a i 
20 ,r four or five-vale* element, preferably of aa oxide of 

formed of a nor^rystalhne, three, four, or five- onca lcmmginair. 

. , menL ^ch film forms an active photocatarytic film, eg, on caicmmg 
such anelement, ^ ^ ^ .a the preferred three, four, or five-valent 

. ^mesten, or molybdenum. Most preferred is n 



Ucnid phase, or fiomavaporphase- iwrnp-— — - 
T .rLides and oxyhalides of titanium, tin, tungsten, or molybdenum, *g, a 

t.tamumtetralkoxide. A *™ _ ^, nW ^ TOW merization by condensation 

ysis of titanranH 
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described above, the sol of which the photocatalysts precursor film is cast, in addition to 
the photocalalyst precursor, also contains aprecur^ For 
example, a preferred second component or precursor sol is a precursor of silicon dioxide, 
e.g^ formed by co-hydrolyzing a silicon alkoxide, such as a sfficon tetraalkoxide silicon, 

5 alkyhrialkoxide or dialkylchalkoxide, co-dissolved with titanium alkoxide acetylacetonate. 
The ratio of the amounts of the silicon and titanium oxide precursors in the sol are 
adjusted as needed to obtain the desired refractive index. The photocatalytic firm 
compositions range from pure titanium dioxide to compositions having a 1:10 titanium 
dioxide:suicon dioxide molar ratio. Preferred lew-refractive index films comprise vitreous 

10 silicon dioxide and crystalline titanium dioxide phases. 

In the present invention, a barrier layer is defined as a barrier mat slows or 
stops the diffusion or migration of alkali metal ions (eg., sodium ions) and/or alkali metal 

15 oxides (e.g., sodium oxide) into the photocatalyst precursor film or into the photocatalyst 
film. The barrier layer orierates at the termrjer^^ 
precursor and photocatalyst films experience, and tor the duration of the films. 

In general, the barrier of me invention is me jroduct of me reaction 
between hydrogen glass and a photocatalyst precursor as defined above. In the barrier, 

20 the most preferred three, four, or five-valent elements are Ti*\ Zr*, Ge 4 *, Sn 4 *, and Si 4 ". 
The most preferred barrier fum is Ihe reaction product between ac^ 
precursor of HO* and includes the elements silicon, titanium, and oxygen. 

Fin-fag WtntoMttihur Cpqtfnr on Glass 

25 A photocatalyst containing layer can be formed on the surface of the glass 

frcm a vapOTprmsecr from a precursor d^ The preferred 

hqmdsajrrtainingthep An example of these is described in 

Example 1. Stable sols can be formed, for example, of titamum tetraalkoxides, by reacting 
these first v^acetyiacetone,thenv^vvater. The sols contain polymers of the precursor 

30 species or crystallites of the photocatalyst that do not have a longest di me n si on greater 
tf^ about 30rmi and most preferably not grea^ 

smaUerlhanabout5mnmtheirlargerd^ The preferred liquid phase mwMch the 
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methanol and buttnol are useable. 

.I^ntoodraple.s^.xgl-sbcoldorW dippingtogte.mtob^ 

10 mecnameallyorbyspiniinig. 

Th efflmcaaalsobe^lV'^'«^ ta ^ a ^ , *^ 

cmaaunagaBnospbeietotoaTK^fllm. 

lB c<^»priota«an^at 1 ^««»n«»«^'«^ 

sc ^.^ i n.h=g 1 »d*»»in»P«.f<i.P^^ 
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from the glass diffuses Photoactivity 
can be partially restored by subsequent arid treatment. 

Ari d ?Etehin ff ff| flffS .fiiBtiiMitmeiit 

Etching is me process whereby me reactive arid glass is formed. 
Chemically, etching may involve one or both of die following processes: Exchange of 
alkali metal (e.g„ sodium) ions of the glass with protons; and scission, through hydrolysis, 
of Si-O-Si bonds. In both processes, a glass liavingSiOHjurcti<ms is produced. An 
enxample of an etchant is boiling 9M aqueous sulfuric arid. Ihisistheprefen^etchant 

m a preferred ratxx^ of makir^^ 
first exposed to add so that sodium ions are extracted from its surface, b^e^ 
by protons and thereby forming an acid glass with silicon-bound OH-groups. Ihe 
treatment with arid can be at ambient or, preferably, at higher temperatures, e.g., at the 
boiling tenrperatures of the acid. The glass surface can be rinsed Mowing exposureto 
the arid wim water, F^erably^ 
salt It has been noticed that treating of the glass wn^ 

photocatarytic coating to the glass leads to a higher photoefficiency. Ifuie rinsing step is 
performed, the rinsing solution can be deionized water, or it can also contain a volatile 
base or ion such as animorrium hydroxide or ananmomumsalt 

Preferred acids for etching glass imdudemosev^nchfcimahvdrogen 
glass upon reactranwim the glass. Anexarnpleof such an arid is 9M (50%) sulfuric arid. 
Most preferably, the glass is reacted with boiling 9M H 2 S0 4 . 

Ihe photocatalyst precursor or photocataryst c ontaining fihn is men 
derx)srted cm the acid-treated sutfece. The arid treated glass should not be calcined prior 

25 toapphcationofthecatarvticr^ 

is suggested tr^reacticm between the acid^ 

precursor establishes a sodiom^ 
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Hie arid-treated and opnonaUy rinsed glass is coated with the 
photocatarystprecursor. Whencoating is whh a liquid, fc is preferred that the pre^ 
mmefomrfa.solr^ananuaemteir^ Thesol 
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- , amnle ftom a titanium tetraalkoxide, such as titanium 

t _ ,™n its hydrolysis. Although me sol can be 

onethatisevoV 



-.•^M,—— ^"t^L 
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70 Cdcinafcon is preferamy oy __^^uK,f«r about 15 



IS 



55O-600°C. 
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3^ of initial acid etching to fonn the acid glass, increases the low photocatalytic 

thcn^cmlytoalesser level tr^^ 
prior to deposition of the photocalalyst precursor. Apphcants have found u^inutople 
acid treatments can increase the self-clearing glass's photoefficiency. 
5 In this second, acid wash, post treatment step, the photocatalytic-film- 

coated glass is again exrx^ to an add that reacte 

caldum oxide or a product of these. Ihepreferred acids for this process step axe strong 
^acids,1heior*ofvvm^^ 

as titanium ions Cll^. Dilute aqueous nitric acid, and particularly nitric acid of 0.1M to 
10 3 M concentration, whh a preferred concentration of 02M is for trus process step. 
Other useful acids include tetra fluoboric acid and dilute perchloric acid. Examples of 
acids that are not useful are 6M aqueous hydrochloric arid and 6M aqueous sulfuric acad, 
both of which dissolve or damage the photocatalytic titanium dioxide film on the glass. In 
thefmal process stage me g^ 

15 

rnrrrrtf" nfs^-n^ninp Glass 

Ttehrvennveselfdeari^ 

photocataryst, as described above. 

Self^eaning glasses of the invention prepared as described above have 

20 coatii^thatstr^ 

giassestoveaphotoeffi^ 

photoreacte^ofat least 3.5 X10- 3 . In more general terms, Ihe glasses of the invention 
have a pho Wdation rate sufficient to oxidize dairy , m direct sunlight, organic 
nta^StomtontociSQmLVxdiyot*™ At this rate, hnpaired vision due to 
25 ^^.^B^mp^*****- SOrm^tMckspotsof cor^nnnants 
fc^^^*.^*-^*-*""*"*"' The glasses of the 

invention, as &^m™m**^ 1 '*^* U ^ m ~ m 

appUcations and removals of scotch tape on their coated surfaces (tape test). Glasses of 

themvexmoncarivvit^ 
30 described in Example 1. 
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EXAMPLES 

Example 1 

^ tmed .Die sttte by »P» """"S 

Prior to castir^, me fused silica su Medina stream of air. 

Lflta-H Comparison the UV absorpUon 
with aHP8452A spectrometer (Ftgurel). CompaI ^ P . 2 5) revealed that 

f fmiicoatmgsrr^of largerpartaclesCDegussar 
spectrumof milky fUmcoaong? b theblue , as expected 

30 the absorption edge of the clear films shifted by 30-40 

— wiMes in which electrons are confined, 
fornanoparuclesmwmcn ^5 ^ for a one layer film, was 

The tHckr^ssofthe films, 60*15 . Transmission 
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electron diffraction patterns and images of the thin fihns were obtained using JEOL- 
1200EX and JEOL-2010 microscopes. For these rneasurements, to filmswere 
detached from their supports by pressing 200 mesh copper grids against the films whde 
boiling in potassium hydroxide solution (6 M), following by thorough cashing of the 
grids with water to remove any potassium residues. Tie election diffiaction nng 

obtained by this method were indexed as that of T.G2 in me anatase phase and 
me darkfield imaging suggested that the crystallites were segmented, with atypical 
segment being approximately 3 nm in diameter. 

The resultant films were not daniaged^wpedaggressh^wfli«ry 
of several types of paper, including "Kimwipe", office copying inachine paper, and 
newsprint, whether dry orwet Furthermore, the fn^ could not be removed by 20 
^ve apphcations and removals of Scotch® adhesive tape (3M-8 1 0), nor damaged 
when scribed with pencils of hardness H2 or softer. 

fi^ofstearicadd^^^^ 
defmedirradianceme^ 

C-H stretehing vibrations between 2700 cm' 1 and 3000 cm" 1 . 

Tb.e measurements were performed on batches of 8-12 slides. The 
organic films v^re cast by applying 3x10-2 ml of 8.8x10-3 M stearic acid in methanol 
persnoeandspmnh^atlOOOrpmfta^ The integrated IR 

afcso^oftostearica^^ 

The actual numberof stearic addmolecules on the su^ 

integrated absorbancc of densely packed monolayers of homologs having a known area 
per molecule (such as octadecyl tricMorosilane, arachidic acid and behenic acid). A 
typical stearic acm fnm had, prior to muminanon, an integrated absorbance of 0.6 «n-l 

correspcmding to ~1.9xl 0*5 molecules cm'2 . 

The UV light source for the photoefficiency measurements was either a 
UVA wideband larnp,tte peak ermssion being at 365 nm 
Hehtron Ltd.) or a 254 nm line-emitting mercury lamp (Syrvania G30T3). The 
inadknce.measuteda^^ o*mWan-2 for to UVA source 

andOS* 0.1 5 mW cm"2 for the 254 nm source, corresponding to respective fluxes of 
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iiJL-P^— «*««* I ''*-" , * , * ,, ^" , ^ ,, T -1 

IS nonule-lfoitheiimaiiytanw)- ■ f ._. JJ i rn 

« *-i.-dfc--*^--- 4 - ,,,- ** , * , ~"^ L 

* UV AH^l to «^^^ WMtolUedta!ed ' ,, ' ,1, " dim,e 
minutes of mumination. 

The photoefficiency of a fused silica substrate coated wrth a smgle layer 

, 45x10-3 and 8 ixl 0-3 upon mumination vdth nae 254 nm light, the rat.0 

30 ^TIll.*— — 
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aafi per second at each wavelength. Values, averaged over more than 25 slides are 
presented in table 2. 



Xahtel 




10 



Tablel: Changes in the integrated absorbance of the FTO C-H stretch ^ °^ anC 
Sd on siliSdes coated with clear and photoactive "I^ter 
^Alight The efficiency given in the table was calculated based on the change after 
7.5 minutes of exposure. 



Xab]&2 
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Table 2: Photoefficiency (number of C-H l"*"™"^ oSsof 
Ti02 clear films on glass and on fused silica substrates, showing the efifect of H2SO4 
^ofthesubstr^^efficiency. Tl^ values ax, averages for 20-30 samples. 
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Example 2 

Preparation of dear photoactive films of titanium dioxide 
on soda lime glass slides by spin coating 

Clear, photoactive films of titanium dioxide were produced on soda lime 
glass (Coining 2947^ composed of O (60 atom%), Si<24.5 atom%), Na(10 atom%), 
Ca(2.5 atom%), Mg(2 atom%), and Al(l atom%) by the sol-gel method described for 
Examplel. In the first step oftbeir preparation, the substrates were cleaned by an 
organic solvent (usually methanol or chloroform), then etched by boiling mem for at 
least 30 minutes in fuming 50% (9M) sulfuric acid at 240°C. After being cooled to 
ambient temperature, the slides were washed with de-ionized water and dried in a 
streamofair. Then, the same organotitanate coating solution described in Example 1 
was applied onto the surface (0.04 ml per 3.75x2.5x1 mm slide) which was spun, as 
described for Examplel. The coated glass substrates, were calcined usuallyata 
temperature of 400 "C thus producing clear and homogeneous films, denoted as GE 
films. For comparison, TK>2 films on non-etched glass slides, denoted as GN, and 
Ti0 2 films on etched and on non-etched silica (denoted SE, SN respectively) were 
pxoduced in me same manner. Thicker films were produced either by applyingafirst 
layer of the titanate precursor solution, oven drying (90 »C, 10 minutes), applying a 
20 second layer and calcination or by repeating the single layer preparation process. The 
former class is denoted as (2), whereas the latter is denoted as (1+1). 

All films, whether GE, GN, SE, or SN withstood me abrasion tests 
described in Examplel. A ratio of BET (Bnmauer-Emmett-Teller) to geometrical 
surface area of approximately 20 was determined for the TxOs coated glass slides by N 2 
BET adsorption isotherms, using a Micromeritics AccuSorb system. Characterization 
of the films, Le. UV, TEM and profilometry measurements were performed as described 
in Examplel. Figure 2 shc^tteUV absorption spe<^ of dear Ti^ 
glass (dashed line) and on non-etched glass (solid line), me latter blue shifted by 
4-5nmwimrespecttothe former. As seen below, the difference between the spectra of 
films on etched glass (GN type) may have resulted of the GN type films not taving the 
anatase phase or of smaller crystalline domains in the GN type films. "Plan view" TEM 
images of the HO2 Sms, detached their substrates m the same manner 
described in Example 1 , revealed a distinct difference between type GE and type GN 
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fihns. Type GE films were found to be identical to me SN films described in Example 1 
(i.e. consisted of segmented nanocrystallites having the anatase phase) whereas the type 
GN films were typical for materials having no long range order, with a diffused ring in 
their selected area diffraction pattern corresponding to an interplanar distance of 2.6 -3.6 

A. 

The compositions of the supported films, as well as of the glass 
substrates, were measured by x-ray photoelectron spectroscopy (VG-ESCALAB). To 
obtain depth profiles, the samples were sputtered with an argon gun (Varian 98 1 -2043 , 3 
kV, 25 mA) and re-measured. The estimated sputtering rate was 0.15 mn min." 1 . For 
these measurements, the samples were cut irrto 8 rrmx 8 rrrmsUdes, that were attach 
to their pedestals by a conducting adhesive tape to reduce charging during the sputtering 



10 



Table 3 presents the percentage of sodium atoms in various Ti02 clear 
films on soda lime glass, and in glass slides, some pre-etched, some non-etched and 
15 some calcined after being etched, as deduced from the XPS measurements. These 
values are based on the area of the sodium and oxygen IS peaks taking sensitivity 
factors (si) of 2.51 and 0.63, respectively, and on the area of the 2Pdoublrt 
2P1/2) peak of titanium, taking a sensitivity factor of 1.59. Whenever silicon was 
found, for example in the glass samples or after prolonged sputtering of the Ti02 
20 samples, its atomic fraction was calculated from its 2P peak (sf=0.17). No constituents 
apart from titanium, oxygen, and sodium were found in the TiC>2 films. 
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soda lime glass and in clear films of 
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The photoefficiency of the photocatalytic stearic acid stripping process, 
as defined in Example 1 , was between 5x1 0" 3 and 12xl0~ 3 for the GE slides illuminated 
with the UV A light whereas for the Ti02 films made on non-etched glass (the GN 
films) it was at least 7 times less. The photoefficiency results obtained for a batch 
containing 12 slides, half of which were GE type while the other half were GN type are 
given as an example in Table 4. In Table 2 the average photoefficiencies obtained for 
Ti02 clear films on fused silica, on glass etched by H 2 S0 4 prior to coating with the 
titanium precursor, and on non-treated glass are presented. Each value listed in the table 
represents an average for more than 25 samples. For soda lime glass substrates, a large 
difference in the photoactivity was found between GE type and GN type samples, the 
latter being several times less efficient than the former. Thisdifference was greater for 
excitation upon 365 nm photons than by 254 nm photons. In contrast to the observed 
difference in efficiency between films on etched and on non-etched glass, etching did 
not increase or reduce the photoactivity when the films were coated on fused silica. 

TABLE 4 









I 398 


50% H 2 S0 4 (boiled), 30 mm. 


4.9 X10* 


399 


50% H 2 S0 4 (boiled), 30 min. 


5.25 X10* 


400 


50% H 2 S0 4 (boiled), 30 min. 


8.4 X10* 


401 


50% H 2 S0 4 (boiled), 30 min. 


8.05 X 10* 


402 


50% H2SO4 (boiled), 30 min. 


7.7 X10* 


403 


50% H 5 S0 4 (boiled), 30 min. 


8.05X10* 








404 . 


without pre-trcaiinent 


35 X10* 





without pie-treatment 


.7 X10* 


406 


without pie-treatment 


.7 X10- 3 


407 


without pre-treatment 


35 X10* 


408 


without pre-treatment 


35 X 10* 


409 


without prc-umitinent 


0.0 


410 


without pre-treatment 


.7 X10* J 
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d-Dipping in NaNOj (0.2 M, 10 minutes, 2<fC). 

« ^SSSon. NaNOj layer by spin coating (0J M, 1250 ipm, 1 minute), calcination. 

washing and coating with 4 additional layers of TiOfr . . 

, g-lS^f calcination, NaNO, layer by spin coating (0.2 M, 1250 rpm, mimrte), catenation, 

washing and coating with 4 additional layers of TiOj. 

Table 5 demonstrates the deleterious effect of sodium contamination on 
the efficiency of titanium dioxide films on glass. Dipping of the clear TiC>2 films in 

10 NaOH(lM,20«0 reduced their efficiency under 365 nm light to nil (Table 5, batch 3), 
and subsequent washing with de-ionized water led to recovery of the efficiency (Table 
5j batch 4). However, when the NaOH treated slides were calcined, the loss of their 
efficiencycoiudnotbereve^ Double calcination of GEfihns 

(Table 5, batches 3-5) did not increase or decrease to Films made of 

15 Degussa P-25 that were immersed in NaOH were 10 fold less efficient than untreated 

films, under 365 nm light (Table 5, batch 1). Immersion of P-25 samples in NaOH had, 
however, a less severe effect on their photoactivhy at 254 nm (Table 5, batch 2). 
Untreated P-25 films showed a moderate decrease in efficiency upon a second 
calcination (Table 5, batchl), possibly because their surface area was reduced. 

20 Etched glass type (GE) films did not show a significant loss in 

photoefficiency at 365 nm after immersion in a 0.2M NaN0 3 solution (Table 5, batches 
3-5). Dipping in >1M NaN03 reduced, however, the 365 nm efficiency by - 50%. The 
efficiency of films made of P-25 was reduced by djppinginlMNaN03by25%at365 
am (Table 5, batch 1). No loss in efficiency was observed for 254 nm light (Table 5, 

25 batch 2). Films calcined following m^ 10-40% of me 

efficiency of untreated films under 365 nm light (Table 5, batches 3-5). The efficiency 
of the P-25 films subjected to the same treatment was only 20% of the efficiency of 
untreated films underUVAfight (Table 5, bate^ 

5,batch2). Washing with water after the calcination of NaN0 3 treated GE films 
3 o increased the efficiency of the calcined samples, probably by removing some of the 
sodium ions on the surface (Table 5, batch 4). In a sandwiched structure, where a 
NaN03 layer, decomposing upon calcination to Na20, was introduced on a calcined 
Ti02 film made of 3 precursor layers, then covered with 4 layers of TK>2 precursor and 
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^ glass in atmospheres containing water vapor and S02- Such a sodium diffusion 

layer is forxnedmglass by etching an^ Despite limiting the sodium 

difiusion, this layer does not completely prevent the migration of sodium, as is evident 
ftoxn the difference between me atormci.erceatageo^ 
5 (l go/o) and after (7.5%) calcination. The results show that the atomic percentage of 
sodiummme surface layer of soda lime glass 

mU ch smaUer than in glass calcined without being etched (7.5% vs. 35% at the surface, 
and 3.4% vs. 12.8% after 90 minutes of argon sputter etching). 

Depth profile measurements show a constant concentration of sodium 

10 across the Ti02 fikn m both G ^ type ^ ^ type *' ixas ' m increase m me sodunn 
concentration at me air interface. Apparently, the nanocrystalline Ti02 film has a 
greater affinity for sodium than the silicate network of soda lime glass, particularly 
when me surface of Ihe crvstaul^ 

exchar^le^TinQM 
15 glasses, but not necessarily in Ti02 fnms on glass, sodium also accumulated at the 
.rftae upon hydration of the silicate r^twork, sodrum seg«g^ 
coupled with depletion of sodium from the layer below. The sodium depleted Jayer 
observed in silicate glasses was not observed in the GE films, showing that N.+ 
accumulated throughout the film, rurt only at to air interface. 

It was particularly noteworthy that the concentration of sodium in the GN 
fij^wasHghermanmmesodalimeg^ This higher concentration can be 
rationalized by Ti-OH being a stronger acid than Si-OH, because of the more 
electropositive nature of XT* relative to Si^ , combined whh fast sodium diffusion 
across the film. 

Because the sodium ions were inmWyredistnWbyme^ 
calcination step, the ions diffusing rapidly through the nanocrystalline Ti02 layer, 
stailar sodium concentrations inthe "type GE" and the ^GN" films would have 
been observe* were it nottoth^ 

Ti0 2 - extracted glass irrferface. The ri»ssive diflference between me GE type and GN 
30 typefnms is explair^by creation ofazon^ 

penneation was slow. When the precursor temperature is raised nucleation, crystal 
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crystallization- 

THe photoefficiency invariably decreased when me Na+ concentration 
25 increased in theTxOs films. Furthermore, the photoactive GE films lost efficiency 
v^soakedmNaNOsandcdcined attempers 

sodiumoxidc The lesser efficiency of filn. on soo^ lime glass relative to films on 

30 raised the local pH. In films on non etched glass the sodium Action exceeded 10 

w c ^ m n c ordered anatase, brookite or sodium trtanate 

atom% and, as a result, formation ot an oraereu miuu>~., 
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Transport of sodium from the substrate into the photocatalyst film 

p^andmtothepboto^ 
T^filmshaveahighera^^ 

e^^sodi^ionsta^ Sodium transport to 

^T^layercanberetardedbyfonningablo^ S** a layer forros upon 

cal^theT^precursorfito 
sodium wrm hot adds such as sulfuric acid. 

Example 3 

Preparation of clear photoactive films .1 [^"^^ 
with enhanced photoactivity on soda ume glass 

dear films of thanium dioxide w«e xnade on soda to gU« either v«m 
^thoutacmnre^eatmentCty^ 

2 Following their calcination, the samples were post-treated with dilute rotnc acrd, 
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^ by soaking them in 0.2 M HN0 3 for 1 5 minutes at 22 ± 3°C, then washed with 



water to remove i 

In Table 3 the effect of post-treatment on the atomic percentage of 
sodium is presented. The atomic percentage of sodium in all films (GE(1), GN(1), 
QBft GN(2) as defined in Example 2) was reduced significantly by the post treatment 
For example, from 8.4% to 3 2% at the surface of a titanium dioxide film on etched 
gjass and from 21.5% to 2% at a the surface of a TiOj film on non-etched glass, 
testing the replacement of sodium ions in the films by protons from the acid. 

Table 6 presents the efficiency (as defined in Example 1) measured for a 
batch of slides containing GN and GE slides, with and without post -treatment, upon 
murnination with the UVAsource. In Table 6, pretreatment means boiling the uncoated 
glass m9M sulfuric add for 30 minutes, "without water wash" means that the slide was 
driedwitharcsidueofnitricacid, "Wim water wash" mear^ that any residual mtnc 
acid was removed by washing with de-ionized water. The average efficiencies of slides 
with a post-treatment versus the average efficiencies without such a treatment are 
presentedinTableT. In Table 7, "treated with HNO3 "means soaked inHN03 0.2 M 
for 15 minutes, followed by a water wash. 



Table 6 





yes 


3rai3n3£txBent 
yes 


14.7x10* 


10.15x10* 


656 


657 


yes 


yes 


i4.ox icr* ' 


11.9 xlO* 


658 


yes 


no 


9.1x10* 


735x10* 


659 


yes 


no 


7.0x10° 


735x10* 


662 




no 


1.05x10* 


1.05x10* 


| 663 
1 666 
J 667 


no 
no 
no 


no 
yes 
yes 


035x10° 
3-85x10* 
3.15x10* 


035x10* 
Zl xlO* 
1.75x10* J 
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HNO3 post-treatment significantly increased the photoefficiency of non- 
etched glass (GN type) Ti02 films although their photoefficiency remained much 
smaller than that of the standard etched glass (GE) T1O2 films. In GE type films the 
improvement was slighter. Evidently, post-treatment was not an effective substitute for 
preaching of the glass. The gain efficiency upon HNO3 post treatment was partially 
lost with time, as observed in repeated measurements. No increase in efficiency was 
observed upon HNO3 treatment of films prepared according to Example 1 on fused 
silica (Table 8), rr^nifesting that the observed increase in efficiency in the Ti02 coated 
glass was not due to a lowered surface pH. The cause of the improvement was reaction 
or KUtralization of sodium oxide or its products that migrated to the titanium dioxide 
layer's surface during the calcination process. 



IS 



Table 8 



a 


HCyqnartz 




14.7 xlO* 


b 


HQs/quartz 




11.9 xlO* I 


B c 


TKVquartz 


soaking in HNOj 0.2 M 
(22°C,15inin.) 


12.6 xlO* 


Id 


TKVquartz 


soaking in HNO, 02 M 
(22°C, 15miiL) 


10.85 x 10"" 



For treating titanium dioxide films on soda lime glass, the acid chosen 
was nitric acid. -The anion of mis acid, in contrast to with the anions of sulfuric and 
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hydrochloric add does not complex the four valent titanium ion. The rate of 
dissolution of the photoactive film in nitric acid was consequently much slow than , 
of dissolution in sulfuric or hydrochloric acid at the same normalities. Wmnntms 
context, it is noteworthy that GE films were more resistant to soaking in concentrated 

5 acids than the GN films. 

Soaking of the Ti02 fdms in dilute acids (like HNO3) reduced me 

concentration of sodium near the surface and improved the efficiency by exchanging 
sodium ions with protons without degrading the mechanical properties of the TK>2 
fflms. The photoefficiency increased particularly in type GN films. Although such 
10 making was not an adequate substitute for etching the glass prior to the application of 
the titania precursor, it was an appropriate finishing step for the process of formmg a 
photocatalytic film on soda lime glass. . 



on 



Example 4 

Preparation of dear photoactive films of titamum dioxide 
sodaSie glass from coating solutions having controlled ^cosines 



The coating solution prepared in the manner described in Example 1, 
(denoted as Ti" solution in this example) was mixed with various non-interacting 
Resolvents such m t^~^<^**^**^^ 
solutions, their viscosities depending upon the volumetric ratio between the coating 
solution and the non-interacting solvent For comparison, films made fixnn the "Ti" 
solution, as well as from a mixture of the "TT solution with methanol which may 
intend like other alcohols, with the titanium dioxide precursor, were prepared. The 
25 mixed solutions were spread on acid - etched glass substrates (40 ml per 3.75x2.5 cm) 

or 4000 rpm to dryness. m^^^-^*^**"^* 1 * 

dear, homogenous, well adhered films, were obtained. 

The photoefficiency of the various types of shoes was measured 
30 simultaneously. Theresults are presented in Table 9. For spm coating at 1000 rpm, 

there was practically no adverse effect on the efficiency fbllowmg coating by solutions 
containing a Ti" / non-interacting solvents mixtures, despite the lower amount of Ti02 
in mese films, due to the reduced viscosity of the coating solution. For spin coating at 
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2500 qn, films made of Ti / non-interacting solvents solutions had 30% - 45% of the 
efficiency of films made of the "Ti" solutions, when illuminated with 365 mn light, and 
app. 70% - 100% when illuminated with 254 nm Ught In contrast, the efficiency, 
measured with 365 nm light, of Ti02 films made of the Ti / methanol solution was only 
6% of that of the regular GE film when coated at 2500 rpm and 62% when coated at 
lOOOipm. 




Tabte 9: Efficiency values of slides prepared by spin coating of mixtures ofthe TiOz ' 
rjution with various non-interacting solvents, In the table, Ti" represents *e regular solution, 
its preparation being described in example 1. 
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It can be concluded that photoactive clear and homogenous films can be 
formed on glass by means of diluting the coating solution with solvents that do not 
interact with the titanium dioxide precursor and that this method is especially viable for 
cases in which relatively low rates of spinning are required. 

Example 5 - 

Preparation of clear photoactive films of titanium dioxide 
on soda time glass by dip-coating 



Coating solutions of controlled viscosities, prepared in the manner 
described in example 4, were used to produce clear, photoactive and homogeneous films 
of Ti02 on glass. For that, coming 2947 soda lime glass slides, 7.5x2.5x0.1 cm in size, 
were etched as described in example 2, connected to a speed controlled elevator and dip 

15 coatedvvttanup-stxokespee^ 

Ti02P ^r coated fUrr* were th^ Aclear, 
homogeneous, well adhered film of Ti02, was obtained. Best results, in terms of clarity 
and homogeneity, were obtained by performing the process under N 2 atmosphere, 
enriched with the solvents' vapor. The photoefficiencies of several dip-coated films, as 
mea sured by the stearic acid test described in example 1 , are presented in table 10. 

A comparison between the photoefficiency of the dip - coated films 
(table 10) ar^ fllnis of similar thickness made by spin coating (Table 2) reveals that the 
efficiency of the dip-coated films was not inferior to that of the spin-coated films, thus 
enabling large scale implementation. 
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^^^^^^^^^^^ 


1636 


n_ ■ja^rt Mill 

Ti/nexane (i.i) 


u*oo 


43 


400°C, 
35min. 


0.65 


123xl(r 3 


1667 


Ti/hexane(l:l) 




2.68 


450°C, 
35min. 


037 


ll.OxlO" 3 


1664 


Ti # /hexane(l:l) 




j 1*1*1 


450°C, 
35 min. 


035 


9.1xl0" 3 


1 1666 


1 i/nexanc 


1.02 


134 


450°C, 
35 min. 


o!5I 


8.8xl0" 3 


1650 


Ti/hexane{2:3) 


1.02 


034 


450°C, 
35 min. 


1.13 


13.7xl0" 3 


1623 


Ti/hexane(3:7> 


0.66 


43 


400°C, 
35 min. 


555 


5.6xl0- 3 


1655 


Ti^/hexane^T) 


0.65 


0.S4 
(2 layers) 


450°C, 
35 min. 


Too 


14xl0" 3 



Table 10- Efficiency values of slides prepared by dij>-coating in mixtures hexaneand 
4e Ti02 precursor coating solution. In the table, Ti" represents 1he regular coating 
solution, the water to titanium ratio being 1 1 : 1 , while Ti# represents a coating solution 
where the water to titanium ratio was app. 4:1 

Example 6 

Preparation of clear photoactive films of titanium dioxide 
with sodium diffusion limiting layer 

Silica films were produced on soda lime glass by the same manner 
described in Examples 1 and 2, using silicon tetrapropoxide instead of titanium tetra-i- 
propoxide. Here, the silicate precursor solution consisted of 10 ml n-propanol, 1.6 ml 
acetylacetonate (acac) and 4.9 ml of a Si(OPr) 4 solution (Aldrich Cat No. 23,574, 95% 
by weight). The coating solution was made from 1.0 ml of the silicate precursor 
solution and 1.8 ml of 1:10 (vnr) water in n-propanol. 3.75 cm x 2.5 cm x 1 mm soda 
lime glass slides were then etched in boilmg sulfuric add for 30 inmutesa^ 
Example 2, and coated by spin coating as described therein. FoUowing drying at 80°C 
for 20 minutes, a second layer, made of the same coating solution described in Example 
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1 (denoted as "overlayer"), was applied by spin coating as described therein. Theshdes 
were then calcined at 450°C for30 minutes to produce clear films comprised of a suica 
layer (denoted as "underlayer") between the glass substrate and the photoefBcnent 
titanium dioxide overlayer. Glass slides coated*** a film containing a firstlayerof 
zirconia and a second, photoactive layer of thania were obtained in me same manner. 
Here, the zirconia coating solution was made of zirconium tetra n-propoxide (Aldnch 
33>397 .2 70% in 1-propanol) with the same molar ratios between zirconium, acac, 
water and propanol as described for the titania precursor coating solution in Example 1 . 
No post-treatment with nitric acid was used. 

The efficiency of the slides was measured in the manner described in 
Examplel. For comparison, films containing one and two layers of TiO, on glass, were 
n^e from the same batch of etched glass slides and whh the same TiO, precursor 
coatingsohidon. The efficiency of these slides was measured s^taneously wi&itot 
oftheglass-silica-titama films. As shown in Table 1 1 , the efficiency of the two layered 
structure, containing a silica underlay and TiO, overlayer, was higher than mat of a ^ 
sublayer of thamumdioxideby a fi^tor of between 1.4 
film containing two layers of TiC^. 

XaJdUl 




A two-layered structure, consisting of a zirconia underlayer and one TiC^ 
overlayer coated on glass, had higher efficiency than that of a glass coated with a single 
fihn of Ti0 2 , when made at calcination temperatures higher than SOO^C where me 
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diffusion of sodium into the forming TiOj film is fest enough to reduce its efficiency 
even in acid etched glass substrates (Figure 4). This makessuch a sodium dif&ision 
blocking structure appropriate for applications where the glass has to withstand high 
temperatures, for example in products made by tempering of the glass. 

Example 7 

Preparation of clear photoactive films of titanium dioxide on a 
layer made of a mixture of a HO2 precursor and a SK) 2 precursor 



10 



A layer composed of a mixture of TiOj and SiOj (1:1) molar ratio was 
produced on soda lime glass and on fused silica by preparing the appropriate coating 
solution and applying it onto the substrate by spin coating as described in examples 1 
and2. A precursor solution was made of 10 ml n-propanol, 225 ml titanium-tetra-i- 
15 propoxide (98% in propanol, density:1.033 gr. cm" 3 ), 1.6 ml acetylacetonate (acac) and 
2.43 ml of silicon tetrapropoxide (Aldrich 23,574-1, 95% in propanol, denshy:0.916 gr. 
cm" 3 ). After aging the precursor solution for a day, the coating solution was made by 
mixing 1 .0 ml of the mixed precursor solution with 1 .8 ml of a water/ n-propanol 
solution (1:10 v/v). The coating solution was then spread by spin coating at 4000 rpm 
20 on H 2 S0 4 etched glass slides (40 ul per 3 .75 x 23 cm slide) and on non-etched fused 
silica slides (30 ul per 2.5 x 2.5 cm slide). The slides were then dried in an oven at 
100"C for 10 minutes. On part of the slides, a second layer, consisting of the TiOz 
precursor coating solution, mentioned in Example 1 , was applied in the same manner 
described in Examples 1,2. For reference, several other etched glass and fused silica 
25 slides were coated with two layers of the same TiC^ precursor coating solution without 
being coated with the mixed underlayer. AU shdes were ti^ calcined at 450°C for 30 
^iteB tn pmduce clear, well adhered firms. No post-treatment with nitric acid was 
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The efficiency of the slides was measured in the manner described in 
Example 1. The films made of the TiOj/SiOj mixture were totally inactive. However, 
films consisting of a TiOj overlayer on an inactive underlayer consisting ofTiOj/SiOj 
were found to e between 50% and 1 00% more efficient man films made of one layer of 
HO2, regardless of the substrate (Table 12). 
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A I Fused Silica 
B Fused Silica 
~q Fused Silica 

Fused Silica 



Fused Silica 
Fused Silica 



G 
IT 



685 

Tm 



1701 

"1702 
"noT 



1708 



Mixed SiO/TiOz (1:1) layer 
Mixed SiOj/TiOz (1:1) layer 
One layer of TiOj on a mixed 
SiCVTiOz (1:1) layer 
One layer of Tip2 on a mixea 
SiOj/TiOj (1:1) layer 
One layer of HO2 
One layer of T1O2 



Fused Silica 
Fused Silica 
684 1 Etched Glass 



Two layers of TiOa 
Two layers of Ti02 
'Mixed SiO^'iOj (1:1) layer 



Etched Glass 
Etched Glass" 



"1712 Etched Glass 



Etched Glass 
Etched Glass" 
Etched Glass 
Etched Glass" 



Mixed SiO/liOa (1:1) layer 
One layer of TiOj on a mixed 
SiOam0 2 (1:1) layer 
One layer of TiOj on a mixed 

SKVUOj (1:1) layer 

One layer of Ti02 

One layer of TiOj 
j Two layers of HO2 

Two layers of Ti02 



03x10-' 
1.7x10" 
13.7x10* 

6.1 x 10- 

4.9x10" 
9.0x10"' 



13.1 x 10^ 
172x10" 

oioTio 3 



0.0x10' 
16.6x10" 

16.7x10" 

8.6x10" 
8.6 xlO" 
18.7 x Iff* 
17.4x10^ 



Tablft 12: ^^C^-^^- 
Ti0 2 layers, and a mixture of TiOa/SiOj. 
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We claim: 

1. A process for the manufacture of self-cleaning glass, comrising: 

applying to glass a photocatalyst precursor composition to form a 

5 photo catalyst-containing film; and 

impeding migration of alkali metal ions or alkali metal oxide from the 

glass into the photocatalyst precursor or film. 

2. A process for the manufacture of self-cleaning glass, comprising: 

10 allying to glass a barrier, said barrier preventing or slowing migration 

of alkali metal ions or alkali metal oxide from the glass; and 

forming on said barrier a photocatalyst-containing film. 

3 A process for the manufacture of self-cleaning glass, comprising: 

15 applying to an etched, acid glass a photocatalyst precursor composition, 

to form a photocsu^yst-containing fihn. 

4 A process for the manufacture of self-cleaning glass, comprising: 

applying to glass a film formed of a precursor of TiOj and a precursor of 
20 an oxide ofa 3, 4, or 5-valent element, which oxide is solid at .about 300°C; and 
fcmning on said film a photw^yst-cordaining film. 

5. A process for the manufacture of self-cleaning glass, comprising: 

applying to an acid glass a first film, the in* film formed from a 
25 precursor of an oxide ofa 3, 4, or 5-valent element, wherein the element is titanium, 
zirconium, tungsten, tin, silicon, or combination thereof; and 

forming on said first film a photocatalyst-containing second fihn. 
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6. A process for the manufacture of self-cleaning glass, comprising: 

applying to acid glass a film comprising a reaction product of the 
add glass and a precursor ofa 3, 4, or 5-valent form of titanium, zirconium, tungsten, 
tin, silicon, or combination thereof, and 
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forming on said barrier a photocatalyst-containing film. 

7. A process for the manufecture of self-cleaning glass, comprising: 
treating glass to form acid glass; 

applying a photocataly st-precursor to the acid glass to form a coated 
calcining the coated glass to form a photocatalytically active, self- 

cleaning glass. 



15 



10 8. 
a 
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A process according to any of claims 1 -7, wherein said photocatalyst apprises 
photoconductor or semiconductor with a band gap in me range of 2.5 eV to 4.5 eV. 



9. The process according to any of claims 1-7, wherein said photocatalyst 
comprises titanium, zirconium, tungsten, tin, or molybdenum. 

1 0. A process according to any of claims 1-7, wherein said photocatalyst comprises 
titanium dioxide. 

11. A process according to claim 1 0, wherein at least a portion of said titanium 
20 dioxide is in anatase phase. 

12. The process of any of claims 1-6, further comprising the step of: 

calcining the photocatalyst film-coated glass to form a photocatalytically 



active, self-cleaning glass. 



13. A process 
lime glass. 

14. A process 
30 titanium dioxide. 



according to any of claims 1-7, wherein said glass comprises soda 



according to claim 6, wherein said precursor comprises a precursor of 
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15. A process according to claim 6, wherein said precursor comprises a precursor of 
zirconium dioxide. 

16. A process according to claim 6, wherein said precursor comprises a precursor of 
5 silicon dioxide. 

17. A self-cleaning glass comprising: 

a glass; 

aphotocatalyst-containing film formed on the glass from aphotocatalyst 

10 precursor, and 

a barrier impeding migration of alkali metal ions or alkali metal oxides 
into the photocatalyst precursor or film. 

18. A self-cleaning glass comprising: 

15 a glass; 

aphotocatalyst-containing film formed on the glass by acid etching the 

glass and applying to the acid glass a photocatalyst precursor. 

19. A self-cleaning glass comprising: 
20 aglass; 

a first film formed on the glass of a precursor ofTi0 2 and a precursor of 
an oxide of 3, 4, or 5-valent element, which oxide is solid at about 300°C; and 
ai 



l photocatalystKX)ntaining second film formed on the first film. 



25 20. A self-cleaning glass comprising: 
aglass; 

a first film formed on the glass of a precursor of anoxideof a3,4, or 5- 
valent element, wherein the element comprises titanium, zirconium, tungsten, tin, 

silicon, or combination thereof; and 
30 a photocatalyst-containing second film formed on the first film. 
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21. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst comprises a photoconductor or semiconductor with a band gap in the 
range of2.5eV to 4.5 eV. 

22. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst comprises titanium, zirconium, tungsten, tin, or molybdenum. 

23. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst comprises titanium dioxide. 

24. A self-cleaning glass according to claim 23, wherein at least a portion of said 
titanium dioxide is in anatase phase. 

25. A self-cleaning glass according to any of claims 17-20, wherein said 

! 5 photocatalyst precursor is calcined on the glass to form a photocatalyticaUy active, self- 
cleaning glass. 

26. A self-cleaning glass according to any of claims 17-20, wherein said glass 
comprises soda lime glass. 

27. A self-cleaning glass according to any of claims 19-20, wherein said precursor 
of the 3, 4, or 5-valent element oxide comprises a precursor of zirconium dioxide. 

28. A self-cleaning glass according to any of claims 1 9-20, wherein said precursor 
of the 3, 4, or 5-valent element oxide comprises a precursor of silicon dioxide. 

29. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst precursor comprises titanium tetraalkoxide. 

30 30. A self-cleaning glass according to any of claims 17-20, wherein said 
photocatalyst precursor comprises a complex of titanium tetraalkoxide with 
acetylacetone. 
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31. A self-cleaning glass according to claim 1 7, wherein said barrier comrises a 
reaction product of the glass and the photocatalyst precursor, the glass being etched to 
form an acid glass prior to the reaction with the precursor. 
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